Introduction
Regionalization in perinatology is a concept that emerged in the 1960s with the aim of managing highly specialized neonatal resources efficiently. 1 In 1971, the American Medical Association advised the establishment of guidelines to reach 2 goals: (1) to permit high-risk pregnancies to be recognized in time to reach a hospital with the appropriate level of care for mother and child and (2) to identify high-risk neonates for rapid transfer to specialized neonatal units. 2 Such a system implies 2 types of emergency transport: (1) transport of the pregnant woman with the fetus in utero and (2) postnatal transport of the ill newborn infant. It is now widely accepted that in utero transport is preferable to postnatal referral. [3] [4] [5] [6] [7] [8] [9] [10] Regionalization in perinatal networks demands the following: (1) the acknowledgment of the degree of care each hospital can provide for mothers and newborn infants, (2) an efficient system for recognizing high-risk pregnancies and permitting their antenatal transport to a hospital with the appropriate level of care, (3) neonatal facilities able to cope quantitatively and qualitatively with all medical requests coming from within the neonatal network, and (4) a suitable neonatal transport operation. Such a neonatal transport service needs to ensure safe and rapid emergency referrals from any maternity department to the neonatal intensive care unit (NICU) around the clock, as well as retransfers of convalescent newborn infants to peripheral hospitals, ideally the one closest to the parents' home. These retransfers facilitate parental access to their child, increase the availability of cots in the NICU for emergencies, and allow the regional hospitals to uphold their competences. 11, 12 In Switzerland, the definition of 3 levels of neonatal care has been published recently with level I as a maternity ward providing care for healthy newborn infants, level II as a special neonatal care unit equipped with (level IIB) or without (level IIA) noninvasive nasal continuous positive airway pressure (CPAP) devices, and level III as a network center with a NICU. 13 Regionalization of perinatal care in Switzerland, which counts about 80 000 live births per year, is organized into 9 different geographic regions, each with between 4000 and 16 000 births per year and 1 or 2 NICUs.
The goal of this study was to quantitatively analyze the neonatal transport activity and its needs within the Regional Perinatal Network of Lausanne (RPNL), one of the largest perinatal networks in Switzerland, covering most of the western, French-speaking part of the country. The focus of this study was to evaluate the efficacy of the neonatal transport system with special attention to the overall transport activity, the time intervals during transport, and the analysis of the profile of transported neonates, to make suggestions to improve collaboration within the perinatal network.
Patients and Methods
In Switzerland, standards of neonatal care were only defined in 2011 and levels of care were only attributed definitely to pediatric/neonatal units in 2015. However, in the French-speaking part of Switzerland, the roles of each center have been undisputed since the late 1990s. 12 According to these practices, all preterm infants <32 weeks of gestation should be delivered in One objective was to determine whether these recommendations were followed during the study year.
The RPNL covers the whole French-speaking, western part of Switzerland (except the cantons of Geneva and Jura) comprising a population of roughly 1.2 million and about 14 000 births per year, of which on average 16% (2400 live births in the study year) take place at CHUV (Centre Hospitalier Universitaire Vaudois-University Hospital of Lausanne). The Clinic of Neonatology with its NICU, as part of the CHUV, is the only tertiary referral center of the RPNL, which includes 9 level II and 3 level I neonatal units. Almost all neonatal transports within the RPNL are performed by a specialized neonatal transport team (NTT) from CHUV composed of a neonatologist or a fellow in training and a nurse qualified in neonatal intensive care. The NTT depends on 2 assigned private emergency companies for the transport vehicle, 1 for ground transport with a specially equipped ambulance (STAR Ambulances, Epalinges, Switzerland) and 1 for air transport with a rescue helicopter (Rega, Lausanne, Switzerland). Transport activities by the NTT can be grouped into 3 main categories: (1) transport of newborn patients in urgent situations (further named emergency transports) from a level I or II unit to a level III unit, (2) referral to another tertiary center due to lack of capacity at CHUV (postnatal refusals), (3) Retransfer of convalescent patients from CHUV to the medical facility closest to the parents' home (in this case, the NTT is reduced to a single member, usually the nurse) with the same ambulance.
Prenatal transfers are undertaken by different transport companies and organized by the obstetrical team, the details of which are not discussed here.
This study is a retrospective analysis of prospectively collected data of all transported neonatal patients within the RPNL over a full calendar year (2008) . Information on neonatal transport is systematically documented on transport forms by the NTT during a transport mission. Emergency transport forms carry administrative information, times of different phases of transport, and patient data. Similar documents exist for refusals and retransfers. Further patient information, in particular, regarding diagnosis and treatment, was collected from the patient's medical chart, the patient data acquisition system during hospitalization (MetaVision, iMDsoft, Tel Aviv, Israel), and the electronic medical database (Archimède, version V3.8, ELCA Informatique SA, Lausanne, Switzerland).
Each emergency transport mission can be subdivided into different time intervals, as defined in Figure 1 . Close attention was paid to reaction time (time interval between emergency call and presence of the NTT at the patient's bedside) to assess whether and how it could be reduced and to establish recommendations. To have the complete and precise data about the timing of each emergency mission, the times of each step of the intervention noted on the transport forms were matched with the corresponding information on the transport forms of the associated transport company. All emergency transports were further examined to determine whether transport was indeed performed due to an urgent situation. All data were transferred and gathered in an Excel document. Verification of the quality of data was performed by a double check of 25% of all completed data sets selected in a random fashion by the second author. For all the patients, diagnoses were reviewed by 2 authors to define which were relevant for the referral to the NICU, considering the limitations of case management in the centers making the request. Final diagnoses were extracted from the patient's discharge report of the level III unit and classified according to the following categories: circulation, gastrointestinal disorders, hematology, infection/immunology, malformation, metabolism, neurology, prematurity, and respiration.
Results
During the study period, 456 patients were transported. In 92% of all transported patients, a full data set was available. Missing items consisted of details on timing, on degree of severity, and on medical procedures undertaken during the transport mission. There were 204 emergency transport missions accomplished by the NTT. On 5 occasions, twins were transported during the same mission, adding to a total of 209 patients involved. In 3 cases, the transport team was sent out, but patient transfer itself was not undertaken due to death of the patient before arrival on 2 occasions and total recovery of the third patient. Of the remaining 206 patients, 175 were transported to CHUV's NICU, 13 were transported to another level III NICU in Switzerland because of refusal at CHUV, and 18 patients were counted as annex transports (such as referrals to other units of CHUV for specialized investigations). Ground transport performed by the NTT accounted for 86.9% (n = 153/175) of cases, and the remaining 13.1% was by helicopter. Retransfers concerned 250 infants.
Of the 107 preterm infants with gestational age <32 weeks cared for at the CHUV, 97 infants (90.8%) were inborn. The 3 remaining 10 (9.2%) high-risk preterm infants were born in regional hospitals due to imminent delivery preventing immediate intrauterine transport. The NTT was alerted before birth in 8 of these situations, allowing the rescue team to be present at birth or at least within the first 30 minutes in all 8 situations.
Among the 565 admissions to the Clinic of Neonatology of CHUV, 31.2% (n = 176) were outborn and transported to CHUV as emergencies (175 by the NTT of CHUV and 1 by a neighboring perinatal network's team). Their characteristics are listed in Table 1 . Medical reasons for emergency transport within the first 24 hours are listed in Figure 2 . By far, the most important category was respiratory distress (71.6%), which we further analyzed according to final diagnosis (Table 2 ). Respiratory distress due to wet lung (29.5%), aspiration syndrome (16.1%), surfactant deficiency provoking hyaline membrane disease (14.3%), pneumonia (9.8%), and asphyxia (9.8%) accounted together for 79.6% of all final respiratory diagnoses. Of the 175 transported patients, 112 (64%) were in need of urgent respiratory support consisting of endotracheal intubation with mechanical ventilation in 24 patients (13.7%), noninvasive mechanical ventilation in the form of CPAP with nasal canula (80 patients, 45.7%), and/or drainage of a pneumothorax in 4 patients (2.3%), all highly specialized procedures in newborn and preterm infants. The remaining 4 patients necessitated oxygen therapy only. Unfortunately, data on procedures such as surfactant administration, umbilical line placement, blood gas analysis, and prostaglandin perfusion during transport were too incomplete to be studied.
Mean preparation time, that is, the time interval between the first emergency call and the departure of the ambulance at CHUV, was 34 minutes. Reaction time in relation to the distance between referral hospital and CHUV is shown in Figure  3 . For ground transport in the RPNL, it was observed that the reaction time was a linear function between the distance (0.58 min/km) and the preparation time. Stabilization time, defined as the interval between the arrival of the NTT at the patient's bedside and the departure from the referring hospital, (Figure 4(A) ). There was a slight predominance of emergency transport requests between Wednesday and Friday; however, even on weekends, a considerable number of transports needed to be performed (Figure 4(C) ).
During the study year, 33 pregnant women (concerning 50 fetuses due to multiple pregnancies) and 34 newborn infants could not be admitted to the level III unit. Refusal of antenatal requests was caused by a lack of available neonatal cots in the NICU in 84.8% (n = 28). In the other 5 situations, lack of free beds on the obstetrical ward was the cause of refusal. Mean gestational age at the time of the antenatal transfer request was 31 weeks (range: 24-35 weeks). In 28 cases (42 fetuses), transfer took place to another Swiss level III center; on 1 occasion (triplets), the patient remained in the same level IIB unit, and for the remaining 4 women, data were missing. Within the postnatal group, a lack of available cots in the NICU was the reason for refusal in all but 1 case (97.1%) in which a major road traffic accident made transfer impossible. Mean gestational age at birth of the refused newborn infants was 35 weeks (range: 30-41 weeks). Of the 34 refused patients, 16 were admitted to other pediatric units at CHUV, 9 were transferred to other level III centers, 7 showed signs of clinical improvement and stayed at the referral hospital, and 2 were transferred from the level I center to a level IIA center. Retransfers concerned 250 infants in 222 transport missions (28 simultaneous twin retransfers). Of these, 206 retransfers (233 neonates) were performed by the NTT and the remaining by the accepting hospital.
Of the 176 outborn neonates initially transported as emergencies to CHUV, 46.3% (n = 81) were retransferred back after stabilization, 12.6% (n = 22) were transferred to other units within CHUV for further management (pediatric intensive care, continuous care unit, or pediatric surgery), 31.4% (n = 55) were discharged home directly, 7.5% (n = 13) joined their mother in the maternity ward, and 4 infants died (2.3%).
Mean duration of the retransfers was 1 hour 25 minutes (range: 22 minutes-4 hours 20 minutes), of which a mean of 29 minutes was spent on the handover of the patient at the peripheral hospital. Of all retransfer missions, 217 (97.8%) departed from CHUV between 8 am and 6 pm with a peak of 39.9% between 2 pm and 4 pm (Figure 4(B) ).
Discussion
Perinatal health care is organized in many countries in regional perinatal networks consisting of health institutions with different levels of care for pregnant women as well as for newborn infants. In a well-run perinatal network, the roles, missions, and limits of provision of care are defined and publicly attributed to all participating perinatal health facilities. 12, 14 As one marker of acceptance of these guidelines, the number of very preterm infants (<32 weeks of gestational age) born in a lower level clinic than the tertiary center was examined. The inborn rate of >90% of high-risk pregnancies at CHUV is among the highest when compared with literature. [15] [16] [17] Thanks to a rapid and direct alarm system and short transport distances within the network, the specialized NTT of the tertiary center was in charge of the outborn babies at birth or within the first 30 minutes in more than 98% of situations. The goal of the NTT as part of regionalization, that is, providing the highest level of neonatal care over the whole network area, ideally starting at birth, was therefore almost reached, as the equipped NTT can be considered as a mobile NICU. 10 The presence of a trained NTT from a tertiary center with all the required NICU equipment was shown to improve the quality of initial management and stabilization. 18 The data presented here show that in a regional perinatal network with clear antenatal transfer guidelines and levels attributed to all health care institutions, as well as good communication and straightforward collaboration, high-risk preterm deliveries in a nontertiary center can be reduced to a nonsignificant number. Postnatal emergency transport in foreseeable situations should be avoided.
Neonatal emergency transport mainly concerns late preterm and term infants with medical issues appearing postnatally. In almost three-quarters of all patients, respiratory distress was among the referral causes with indication for noninvasive or invasive respiratory support. This implies that the staff of the NTT needs to be familiar with and equipped for any kind of respiratory support, including endotracheal intubation, possible surfactant application, and drainage of pneumothorax, as well as invasive and noninvasive ventilation during the transport. 19 The profession of nurse practitioners or respiratory therapists does not exist in Switzerland. Therefore, the NTT usually counts a trained neonatologist or fellow in training and a nurse experienced in neonatal intensive care.
By Swiss standards, emergency transports in the RPNL are quite frequent with an average of 2 missions every 3 days. However, this workload is not sufficiently high to create an NTT independent from the NICU of the level III center, as a separate stand-alone transport service, as suggested in other countries. 20 This has some major drawbacks: (1) being part of the health care team of the NICU, the 2 members of the NTT have to hand over their patients after an emergency call before their departure, which might increase the preparation interval and therefore the reaction time; (2) during the whole duration of an emergency intervention, the 2 staff members of the NTT are dedicated to care for 1 patient only, whereas the other hospitalized patients have to be cared for by the remaining staff; (3) this represents an additional stress not only for the NTT but also for the remaining reduced staff in the NICU. Although the data presented here show a 2-fold to 3-fold number of emergency transports during daytime, they are not rare at night and weekends and are therefore sporadic and unpredictable. This implies that this cost-intensive and highly specialized emergency structure has to be maintained and available 24 hours a day all year round.
For patient safety in a network, reaction time should be as short as possible. This time depends on the rapid availability of the transport vehicle and the NTT. Ideally, the vehicles for ground and air transportation should be located at the same place together with a centralized independent NTT. For economic reasons, an independent NTT is not an option in the RPNL. To minimize preparation time, the ambulance for ground transport is required to be based at the hospital, whereas accessibility of the helicopter demands more time. In perinatal networks with short travel distances, as is the case in the RPNL with most centers within a range of 50 km of the level III unit, 6 Clinical Medicine Insights: Pediatrics air transportation is of limited use. In the 2 centers at a distance of >90 km, reaction time for air transport seemed to be slightly but clinically not significantly shorter compared with ground transportation (data not shown), similar to findings in recent literature. 21, 22 However, in each perinatal network, specific recommendations have to be based on the local traffic situation, geographic circumstances, and weather conditions. 23 The number of refusals is a key parameter in a perinatal network, reflecting its efficiency, its neonatal health care resources, and its saturation. During the study period, 6 admissions to the NICU had to be confronted to 1 refusal on average, either pre-or postnatally. This clearly demonstrates the insufficient availability of NICU cots to face the neonatal needs of the 14 000 live births in the network area. Patients had to be transferred to other tertiary perinatal centers with, as a consequence, prolonged transport times and separation of the patients from their family. Such data can support demands for an extension of the NICU, to reach the minimal requirements of 1 NICU bed per 1000 live births. 24 An optimal use of health care resources, provided by the different participating facilities in a perinatal network, relies on the retransfer of stabilized patients, who no longer need intensive care, to a lower level of care. The number of retransferred patients within the RPNL exceeded the total of emergency transfers by more than 40%. This reflects that high-risk pregnancies are usually transported prenatally, as required, and that there is no unnecessary retention of newborn infants in the tertiary center. Retransfers are usually performed by a single nurse who does not participate in the emergency NTT. However, the ambulance vehicle is the same. The data have shown that more than 80% of the patients were retransferred between 10 am and 4 pm, which corresponded to the same peak times as emergency transports (Figure 4 ). Based on this fact, efforts of the recipient hospitals within the RPNL were made to admit retransferred patients earlier in the morning and later in the evening, as well as at weekends. Furthermore, an improved communication concept has been elaborated together with the ground transport company to inform them earlier on upcoming possible retransfers to anticipate the availability of a second ambulance for emergencies if necessary.
This study was designed to analyze the setup of neonatal transport and the population of transported infants and as such does not allow a comparison of morbidity and mortality of transported, outborn, versus inborn patients in our population. One of the goals of this study was to examine the quality of the transport activity, including the medical procedures performed, events leading to a clinical deterioration, and also any technical problems during the transport missions. Unfortunately, our inspection of the record sheets showed that the information provided regarding these aspects was insufficient, except for respiratory interventions, and therefore did not permit us to make representative statements. As a result, a project for a better standardization of medical records during transport was started. This includes supplying the NTT with a laptop computer loaded with a user-friendly questionnaire to replace the paper record sheets and better documentation during transport with integration of the data from the monitor and ventilation systems of the transport unit into the patient's medical chart once at the NICU. Such a system will not only be of interest for statistical use, but, and more importantly, for patient safety and also for financial and potential legal aspects.
Conclusions
Although antenatal transfer of high-risk pregnancies to tertiary perinatal centers is the favored method of transport in a perinatal network, postnatal urgent transport remains a key component of interhospital, perinatal collaboration. Analyses, as performed in this study, are an important tool for describing, quantifying, and qualifying different aspects of neonatal transport, and, in particular, for discovering pitfalls and to achieve improvements. Therefore, we suggest that further studies should focus on the efficacy, performance, functionality, and safety of neonatal transport to improve this high-risk intervention in the most delicate period of life of the very vulnerable population of newborn infants.
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